Knowledge of evolutionary relationships or phylogeny allows for effective predictions about the unstudied characteristics of species. These include the presence and biological activity of an organism's venoms. To date, most venom bioprospecting has focused on snakes, resulting in six stroke and cancer treatment drugs that are nearing U.S. Food and Drug Administration review. Fishes, however, with thousands of venoms, represent an untapped resource of natural products. The first step involved in the efficient bioprospecting of these compounds is a phylogeny of venomous fishes. Here, we show the results of such an analysis and provide the first explicit suborder-level phylogeny for spiny-rayed fishes. The results, based on ;1.1 million aligned base pairs, suggest that, in contrast to previous estimates of 200 venomous fishes, .1,200 fishes in 12 clades should be presumed venomous. This assertion was corroborated by a detailed anatomical study examining potentially venomous structures in .100 species. The results of these studies not only alter our view of the diversity of venomous fishes, now representing .50% of venomous vertebrates, but also provide the predictive phylogeny or ''road map'' for the efficient search for potential pharmacological agents or physiological tools from the unexplored fish venoms.
Until such fundamentals as the anatomical distribution of fish venoms have been determined, the pharmacological and chemical characterization of these compounds will continue to be unstudied. -Halstead (1988, p. XXI) in the introduction to his treatise on venomous marine organisms.
Venomous organisms produce and use venom, a toxin injected using a specialized apparatus, for interactions with predators, prey, and competitors (Bulaj et al. 2003; Halstead 1970 Halstead , 1988 . Venoms and their associated delivery systems have evolved in animal groups ranging from the simple box jellyfish (Carybdea) to the black widow spider (Latrodectus), lionfish (Pterois), and cobra (Naja). To date, snakes, scorpions, and spiders have been the principal focus of research into potential pharmacological agents or physiological tools found in the toxins of venomous animals (Ault 2004; Tan et al. 2003) . This research has already led to the development of six pharmaceuticals derived from snake venoms with functions ranging from anticoagulation to antiangiogenesis; these drugs are currently in various stages of U.S. Food and Drug Administration regulatory review (Ault 2004; Tan et al. 2003) . In comparison to these terrestrial groups, venomous fishes have been largely ignored as a source of potential pharmaceuticals (Church and Hodgson 2002; Halstead 1988; Tan et al. 2003) . In fact, recent studies (Church and Hodgson 2002; Sosa-Rosales et al. 2005 ) indicate that roughly one dozen toxins have been identified and/or characterized from venomous fishes. This deficiency is due, in part, to the lack of reliable estimates of the number and diversity of venomous fish species. The number of venomous fishes has typically been reported as ;200 species (Church and Hodgson 2002; Haddad et al. 2003; Halstead 1970 Halstead , 1988 , but this value clearly underestimates the number of venomous fishes implied by the phylogenetic distribution of venom among ray-finned fishes. Given the potential pharmaceutical benefits offered by and the health threats posed by venomous fishes, it is surprising that no studies have ever examined the relationships of venomous fishes to infer the identity and number of venomous fish species. Phylogenies are crucial for predicting the distribution of such characteristics because they provide maximally efficient descriptions of organismic attributes, which allow for effective predictions about organismal characteristics that have not yet been studied (Raven et al. 1994; Systematics Agenda 2000 . For this reason, a complete understanding of the phylogeny of venomous fishes would also be extremely valuable for the efficient bioprospecting of piscine venoms. However, generating this phylogenetic road map for exploring the biological activity and distribution of piscine venoms requires sufficient resolution of the .18,000 species ''acanthomorph problem,'' which remains the major task facing systematic ichthyology (Johnson 1993; Miya et al. 2003; Nelson 1989; Stiassny et al. 2004) .
Venomous ray-finned fishes are diverse with representatives spread across four orders (Church and Hodgson 2002; Haddad et al. 2003; Halstead 1988; Smith-Vaniz et al. 2001; Vetrano et al. 2002) and habitats ranging from mountain streams to coral reefs and oceanic midwaters (Nelson 1994) . Their envenomations cause at least 50,000 reported injuries per year with symptoms ranging from blisters to intense pain, fever, and death (Haddad et al. 2003; Halstead 1970 Halstead , 1988 Vetrano et al. 2002) . The known venomous fishes are currently distributed among the catfishes (Siluriformes) and six groups of ''acanthomorphs'' or spiny-rayed fishes (Church and Hodgson 2002; Halstead 1970 Halstead , 1988 Nelson 1994; Smith-Vaniz et al. 2001) : toadfishes (Batrachoidiformes); scorpionfishes (Scorpaeniformes: Scorpaenoidei); surgeonfishes, scats, and rabbitfishes (Perciformes: Acanthuroidei); saber-toothed blennies (Perciformes: Blennioidei); jacks (Perciformes: Percoidei); and stargazers and weeverfishes (Perciformes: Trachinoidei). The distantly related catfishes (Nelson 1994; Stiassny et al. 2004) are not included in this analysis, but it is clear that envenomation structures have been gained and/or lost multiple times within the order (Friel J, personal communication; Smith WL, unpublished data) . The remaining venomous fish groups are nested within the acanthomorph problem or Nelson's (1989) ''bush at the top of the tree,'' which refers to our poor, and often contradictory, understanding of the relationships of the ;18,000 species of spiny-rayed fishes that represent the crown group of bony fish evolution (Johnson 1993; Miya et al. 2003; Nelson 1994; Stiassny et al. 2004) . Our knowledge of the relationships of the venomous fish groups within the context of the acanthomorph problem is also poor, with recent studies (Chen et al. 2003; Miya et al. 2003; Smith and Wheeler 2004; Tang et al. 1999 ) challenging the integrity of many of these venomous assemblages. The incongruence between these recent studies and the traditional classification (Nelson 1994) only highlight the need for a large-scale phylogenetic analysis examining the relationships among spinyrayed fishes as a whole to delimit venomous fish clades.
To resolve relationships among venomous spiny-rayed fishes, we analyzed ;4,700 bp in 233 species (approximately 1.1 Mb), including representatives of all suborders and venomous groups within the Acanthomorpha. The results of this study will allow us to (1) hypothesize the number and identity of venomous species, (2) hypothesize the number of times that venom apparatuses have originated by delimiting all venomous clades, and (3) make effective predictions about ven-omous fishes and venom evolution by providing a predictive phylogenetic framework or road map.
Materials and Methods

Taxon Sampling
The 233 analyzed taxa include 228 representatives from all suborders and orders of spiny-rayed fishes (Acanthomorpha) and two aulopiform and three myctophiform outgroups, with the Atlantic sabretooth (Coccorella atlantica) as the root. Representatives of all venomous acanthomorph groups (i.e., Meiacanthus blennies, thalassophrynine toadfishes, scatophagids, scomberoidine carangids, uranoscopids, siganids, acanthurids, trachinids, and scorpaenoids) and their putative allies were included to rigorously examine the evolution of venomous fishes. Species considered venomous in our molecular analysis have had the presence of venom confirmed, or it has been confirmed in one of their congeners (Church and Hodgson 2002; Halstead 1970 Halstead , 1988 Smith-Vaniz et al. 2001; Sosa-Rosales et al. 2005) .
Acquisition of Nucleotide Sequences
Fish tissues were preserved in 70%-95% ethanol prior to extraction of DNA. Total DNA was extracted from muscle or fin clips using a Qiagen (Valencia, CA) DNeasy Tissue Extraction Kit following the manufacturer's protocol. Polymerase chain reaction (PCR) was used to amplify four segments, representing five genes, from the mitochondrial and nuclear genomes. Double-stranded amplifications were performed in a 25-ll volume containing one Ready-To-Go PCR bead (Amersham Biosciences, Piscataway, NJ), 1.25 ll of each primer, and 2-5 ll of undiluted extracted DNA. To amplify and sequence these five gene regions, the following primer pairs were used (primer sequences can be found in Smith and Wheeler 2004) : 12S, tRNA Val , 16S fragment-primers 12SL13-L and TitusI-H, remaining 16S fragment-primers 16S ar-L and 16S br-H, 28S fragment-primers 28SV and 28SJJ, and histone H3 fragment-primers H3a-L and H3b-H. The analysis resulted in an alignment of 4,721 aligned nucleotides (based on the implied alignment, Wheeler 2003a). Amplifications for all fragments were carried out in 30-40 cycles with the following temperature profile: initial denaturation for 6 min at 94°C, denaturation for 45-60 s at 94°C, annealing for 45-60 s at 46°C-49°C, and extension for 1-2 min at 72°C, with an additional terminal extension at 72°C for 6 min. The double-stranded amplification products were desalted and concentrated using an ArrayIt PCR Product Purification Kit (TeleChem International, Sunnyvale, CA) on a Beckman BIOMEK 2000 laboratory automated pipetting workstation with minor modifications to the manufacturer's protocol. Both strands of the purified PCR fragments were used as templates and directly cycle sequenced using the original amplification primers and an ABI Prism Dye Terminator Reaction Kit V1.1. The sequencing reactions were cleaned with standard isopropyl-ethanol precipitation and resuspended in 10 ll formamide. The nucleotides were sequenced on an ABI 3700 or ABI 3730xl automated DNA sequencer. Contigs were built in SEQUENCHER 3.1 (Gene Codes, Ann Arbor, MI) Table 1 . Spiny-rayed fishes examined in this study for the presence or absence of a venom apparatus with a conspicuous venom gland. The abbreviation ''ag'' refers to an anterolateral glandular groove in a venomous dorsal-or anal-fin spine (see Figures 1 and 3 using DNA sequences from the complementary heavy and light strands. Sequences were edited in SEQUENCHER and BIOEDIT (Hall 1999) . All novel sequences were submitted to GenBank and assigned accession numbers (DQ532831-DQ533482) or were taken from our previous studies (Smith and Wheeler 2004; Sparks and Smith 2004a,b ; see supplementary information). Histone H3 was unable to be amplified in the brotulid (Brosmophycis) and the 12S/tRNA Val genes were unable to be sequenced in toadfishes (Batrachoidifomes except Perulibatrachus) and the soldierfish (Gymnapistes), so the unavailable data were treated as missing.
Phylogenetic Analyses
The parsimony analysis was run using direct optimization (Wheeler 1996) , fixed states optimization (Wheeler 1999) , and iterative pass (Wheeler 2003b) as implemented in the program POY 3.0 (Wheeler WC, Gladstein DS, DeLaet J, unpublished; http://research.amnh.org/scicomp/projects/ poy.php) using default values unless listed otherwise below and run on the American Museum of Natural History (AMNH) parallel computing cluster. The analysis began by generating 500 random addition sequences each under fixed states optimization and direct op-timization for a total of 1,000 starting points for the analysis. These random addition sequences were improved with tree fusing (Goloboff 1999 ; specifying: fuselimit 5000, fitchtrees, and fusemingroup 3), tree bisection and reconnection (TBR) branch swapping, and 400 parsimony ratchet replicates (Nixon 1999; specifying: ratchettbr; ratchetseverity 3; ratchetpercent 40) . This initial searching took 35 days on the AMNH parallel computing cluster and resulted in eight most parsimonious trees with a length of 27,625 steps. These optimal trees were submitted to POY for further TBR branch swapping, tree fusing (specifying: fuselimit 5000, fitchtrees, and fusemingroup 3), and 100 rounds of parsimony ratcheting (specifying: ratchettbr; ratchetseverity 3; ratchetpercent 40) using iterative pass and exact, which provide more thorough and less heuristic searches. This final round of the analysis took an additional 32 days.
The length of the resulting implied alignment was verified in NONA 3.0 (Goloboff PA, unpublished; http://www. cladistics.com). To estimate the robustness of the phylogenetic hypotheses recovered, Bremer supports and jackknife resampling percentages were calculated. Jackknife resampling analyses were performed using NONA (1,000 replications, five random addition sequences per replication), and Bremer supports were calculated with default values using a Museum catalog numbers are for specimens examined by gross dissection for the current study. The condition of the venom apparatus and gland is listed for all specimens examined whether or not they were previously listed as venomous. b The presence of a venom gland could not be determined despite the presence of distinct anterolateral grooves; this may be due to the loss of venom glands in adults (Halstead 1988; Randall et al. 1997 ). c Although specimens of Scomberoides and Oligoplites were examined in the current study, venom glands were not visible. This confirms Halstead's (1988, p. 936) statement that, for jacks, ''the venom glands are not grossly visible.'' d Although these taxa lack a venom gland associated with the anterolateral grooves on their dorsal-and anal-fin spines, they have a thick, glandular tissue on the caudal margin of each of the fin spines, which we believe is probably venomous (see Figure 3F ).
TREEROT 2b (Sorenson MD, unpublished; http://people. bu.edu/msoren/TreeRot.html) in conjunction with PAUP* 4.0b10 (Swofford DL, unpublished; http://paup.csit.fsu.edu/).
Character evolution on the recovered topologies was examined using NONA and WINCLADA 0.99 (Nixon KC, unpublished; http://www.cladistics.com).
Morphological Examination
After completing the molecular phylogeny, we examined preserved museum specimens for the presence of both a venom delivery structure (e.g., spine, teeth) and a conspicuous venom gland to test the effectiveness of our phylogeny for predicting the distribution of venomous spiny-rayed fishes. Testing using these anatomical features has been the dominant method for establishing whether a fish is venomous because venomous fishes must have both a toxin, housed in a discrete gland, and a specialized delivery system (Halstead 1970 (Halstead , 1988 . Previous studies have shown that both the gland and the delivery system are visible by dissection in all groups except venomous jacks (Fishelson 1974; Halstead 1988) . The presence or absence of a venom apparatus was examined in 102 museum specimens spread across 42 families (Table 1) . Our sampling focused on species that are predicted to be venomous (e.g., additional scorpionfishes, surgeonfishes, rabbitfishes), species listed as possibly venomous in previous studies (e.g., Halstead 1970) , or species that were closely allied to the venomous clades recovered in our phylogeny.
The estimates for venomous cartilaginous and lobefinned fishes were taken from the literature (as given in Table 2 ). Because the distribution and number of venomous ray-finned fishes have not been studied as extensively, these numbers were estimated using the previously reported distribution of venom in spiny-rayed fishes ( Supplementary  Table 1 ), the results of our examination of 102 museum specimens (Table 1) , previously published phylogenies and taxonomies (Nelson 1994 and references listed in Tables 1 and 2), our current phylogeny, and the current number of described species in each clade (Froese and Pauly 2004). If the distribution of venom within a small clade that lacks diagnosed subgroups (e.g., Acanthurus surgeonfishes) was unclear because both venomous and nonvenomous forms have been noted, a range is given. Because the phylogeny and distribution of venom in catfishes is less well known and not examined in the current study, the estimated number of venomous catfishes was never extended beyond the level of the family. Therefore, the listed values for catfishes are clearly underestimates because there are countless anecdotal reports (Froese and Pauly 2004; Halstead 1970 Halstead , 1988 of venom in other catfish families and the presence or absence of venom in most catfish families has not been reported.
Results
Molecular Phylogeny
The phylogenetic analysis resulted in a single most parsimonious hypothesis with 27,395 steps (Figures 1 and 2) . This cladogram had a consistency index of 0.37 and a retention index of 0.57 when parsimony-uninformative characters (2004) and Halstead (1970 Halstead ( , 1988 .
b Alterman (1995 ), de Plater et al. (1995 , Jackson (2003) , Mebs (1999) , and Russell and Boger (1981) . c Cameron and Endean (1972) , Church and Hodgson (2002), de Pinna (1993) , Fishelson (1974) , Froese and Pauly (2004), Halstead (1970 Halstead ( , 1988 , Hardman (2002) , Imamura (2004) , Ishida (1994) , Karmakar et al. (2004) , Nelson (1994) , Poss (1982) , Randall et al. (1997) , Rifkin and Williamson (1996) , Smith and Wheeler (2004) , Smith-Vaniz et al. (2001) , Sosa-Rosales et al. (2005) , and Southcott (1975) . d Unpublished data suggest that the aploactinid genus Ptarmus, which was found to have a venom gland, may be more appropriately classified in the Gnathanacanthidae, but we retain this genus in the Aploactinidae following Froese and Pauly (2004). were retained (based on the implied alignment). Our results are largely congruent with the traditional classification of spiny-rayed fishes (Nelson 1994) . Approximately two-thirds of the orders, suborders, and families that were represented by multiple species were recovered as monophyletic groups.
The only order containing venomous species resolved as Figure 1 . The scientific names for all the species are listed on the terminals, and the support values (Bremer above and jackknife below) are listed on the nodes. Jackknife support values ,50% are omitted from the cladogram, and nodes with 95% jackknife support are marked with an ''*.'' Venomous fishes are indicated by the use of gray branches. monophyletic in our phylogeny was the toadfishes (Batrachoidiformes). The remaining spiny-rayed fish orders with venomous species, Scorpaeniformes (scorpionfishes) and Perciformes (perchlike fishes), were resolved as polyphyletic, corroborating the results of recent studies (Chen et al. 2003; Johnson 1993; Miya et al. 2003; Smith and Wheeler 2004; Tang et al. 1999) . Based on our phylogeny, venom apparatuses have originated 11 independent times in spiny-rayed fishes (Figures 1 and 2) , nearly doubling previous estimates (Halstead 1988 ). Furthermore, our results, in combination with studies on the phylogeny of catfishes (de Pinna 1993; Hardman 2002) , suggest that .1,200 fish species should be presumed venomous (Table 2) , and it is likely that 1,500-2,000 ray-finned fishes may be venomous when catfishes are examined in detail. Clearly, this greatly increases the previous estimate of ;200 venomous fish species (Church and Hodgson 2002; Haddad et al. 2003; Halstead 1970 Halstead , 1988 Vetrano et al. 2002 ; Supplementary Table 1 ).
Our results also indicate that the most common venom apparatus (Halstead 1970 (Halstead , 1988 , venom glands associated with fin spines, have convergently evolved in nine of the 11 venomous spiny-rayed fish clades (blue or hatched blue branches in Figure 1 ). The four remaining envenomation structures (i.e., teeth, dorsal opercular spines, central opercular spines, and cleithral spines; Halstead 1970 Halstead , 1988 Smith-Vaniz et al. 2001 ) are unreversed and uniquely derived.
Morphological Examination
The results of our morphological examination (Table 1) provide evidence that our molecular phylogeny is highly effective at predicting the presence or absence of venom glands in spiny-rayed fishes. Of the 43 families examined in the morphological study, we were unable to find a conspicuous venom gland or any indications of a venom apparatus in 24 families (Table 1) , despite previous suggestions that some species in these groups were venomous (e.g., Chelidonichthys, Zanclus).
Because of the diverse phylogenetic distribution of venomous fin spines, it is not surprising that there is variation in the morphology of these structures (Figures 1 and 3) . The venomous toadfishes ( Figure 3A ) have a distinct venom gland surrounding their dorsal spines; this is in contrast to nonvenomous dorsal spines in other toadfish species that lack a venom gland ( Figure 3B ). All fishes with venomous spines (except the toadfishes and jacks) have distinct anterolateral grooves on the lateral surfaces of the fin spines ( Figure 3C) , where the venom gland is situated. Interestingly, the only clade in which we predict a reversal from the presence to the absence of venomous fin-spine glands (the velvetfish and prowfish clade; Figure 1) shows a reversion in the fin spines to the primitive condition where the anterolateral grooves are absent ( Figure 3D ). During the course of this morphological investigation, three scorpionfish genera (Neomerinthe, Pontinus, and Sebastolobus) were found to have a modified venom apparatus. Our examination of six species in these three genera indicates that anterolateral grooves are present in all six species, but conspicuous venom glands associated with these grooves are lacking. However, the caudal margin of their fin spines have conspicuous glandular tissue ( Figure 3F ) that differs significantly from the typical muscle tissue found on the posterior margin of the spines in most nonvenomous spiny-rayed fishes (e.g., toadfishes, Figure 3B ). We tentatively identify this structure as a venom gland, pending further study. Interestingly, these three genera, although classified into two families, form a clade in recent molecular analyses (Smith and Wheeler 2004, unpublished data) .
To illustrate the remarkable similarity of venomous fin spines across the diversity of venomous spiny-rayed fishes, the dorsal-fin spine of a rabbitfish is shown ( Figure 3G ) for comparison to the distantly related scorpaenoid Ptarmus ( Figure 3E ). Finally, the highly modified venomous spines in Synanceia stonefishes show their distinct venom glands and venom duct (Halstead 1988 ; Figure 3H ).
The other venom apparatuses examined in this study were remarkably similar to previous descriptions (e.g., Halstead 1988) . Briefly, the opercular spines of venomous ( Figure 3I ) and nonvenomous ( Figure 3J ) toadfishes are shown to illustrate the presence of an opercular venom gland surrounding an opercular spine. A similar morphology is seen in the weeverfishes where the opercular venom gland surrounds the distal margin of the dorsal opercular spine ( Figure 3K ). Finally, a venomous fang from a saber-toothed blenny is shown, highlighting the grooved tooth that delivers the venom ( Figure 3L) .
The results of our survey of museum specimens clearly indicate that our phylogeny is effective at predicting the presence or absence of venom in spiny-rayed fishes. Because of this high level of predictability, our estimates of the number of fishes predicted to be venomous were unaltered by the results of our museum survey, with one exception. Because the fin-spine morphology of the scorpionfish genera Neomerinthe, Pontinus, and Sebastolobus has not been previously described and the morphology of the ''probable'' venom gland has not been examined histologically, we have used a range for the estimated number of venomous scorpionfishes that either includes or excludes the species classified in these three genera, until additional study confirms the presence of venom in these fishes. The results of this museum survey provide strong corroborative evidence for our hypothesis that the presence of venom in fishes has been drastically underestimated in previous reviews.
Road Map for the Bioprospecting of Piscine Venoms
In addition to its use for understanding the evolution and diversity of venomous fishes, our phylogeny can be used to make predictions about the biological activity of the venoms themselves. An example (Systematics Agenda 2000 1994) of the predictive power of phylogenies for bioprospecting comes from the plant kingdom. The drug paclitaxel (TaxolÔ), which is used to treat ovarian and breast cancer, was originally extracted from the bark of the threatened Pacific Yew (Taxus brevifolia), but each dose required the destruction of several trees. Fortunately, our understanding of the relationships among yews led researchers to examine its close relatives for similar natural products, resulting in the discovery that the leaves of the European Yew (Taxus baccata) had 10-deacetylbaccatin III, which could be used as a precursor to synthesize paclitaxel without harm to yew populations. Our results provide biochemists with a similar predictive road map for the efficient testing and tracing of venoms for beneficial compounds. Without this road map, it would be prohibitively expensive and time consuming to isolate and characterize the thousands of venoms that are found in spiny-rayed fishes.
The generation of a piscine venom road map is particularly helpful for expanding our current limited understanding of fish venom biological activity. Recent reviews (Church and Hodgson 2002; Halstead 1988; Sosa-Rosales et al. 2005) indicate that fewer than one dozen fish venoms have been characterized and identified ( Supplementary Table 1 ); therefore, this sampling only allows for a few preliminary trends to be noted. First, fish venoms are unusual in that only one to a few toxins per species possess all of the lethal or hemolytic activity (Church and Hodgson 2002) . This is in stark contrast to cone snails or terrestrial animals, which often have hundreds of venoms per species (e.g., Bulaj et al. 2003) . This small number of venoms per species will allow natural-product chemists to more easily trace the evolution of these individual toxins without the confounding homology problems inherent in studies tracing venoms in species with hundreds of toxins (e.g., gene identification, gene loss, gene duplication). Despite limited venom diversity within species, fish venoms exhibit a surprisingly wide range of pharmacological effects, including neuromuscular, cytolytic, hemolytic, and particularly cardiovascular activity (reviewed in Church and Hodgson 2002) . Clearly, additional study may overturn these preliminary observations, but our current knowledge provides the starting point for future bioprospecting of fish venoms as potential pharmacological agents and physiological tools.
Ultimately, our study provides the first explicit suborderlevel phylogeny of spiny-rayed fishes, which we used to delimit venomous clades. Using the predictive capabilities of phylogeny, prior knowledge of the distribution of venomous fishes, and an extensive survey for the presence or absence of conspicuous venom glands in spiny-rayed fishes, we have estimated the number and identity of venomous ray-finned fishes. Our results suggest at least a sixfold increase in the number of venomous species and a nearly twofold increase in the number of origins of envenomation structures. Additionally, our phylogeny provides a framework for studying the biological activity of piscine venoms in a predictive, evolutionary context. The next step in their bioprospecting is additional isolation and characterization of toxins from several species within each of the 11 venomous spiny-rayed fish clades. These preliminary assays can then be used, in conjunction with our phylogeny and further fine-scaled systematic studies (i.e., species-level phylogenies), to target species with venoms that provide novel structures or have desirable qualities for use as research tools or lead compounds for drugs. In an era when traditional bioprospecting and high-throughput screening of mass-produced combinatorial libraries have failed to meet expectations for the development of novel pharmaceutical compounds (Newman et al. 2003 ), a fresh ap-proach is clearly needed. The phylogenetic approach favored by Halstead (1988, see quote above) and highlighted here serves as a model for the efficient discovery and exploitation of untapped natural products, which continue to play the dominant role in the discovery of leads for novel pharmaceuticals (Newman et al. 2003 ).
Supplementary Material
Supplementary Table 1 and other supplementary information are available online at http://jhered.oxfordjournals.org/.
